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(54) ANGULAR SPEED SENSOR 

(57)Abstract 

PURPOSE: To allow precise angular speed detection by 
applying a magnetic field to an oscillator made of a 
supermagnetostrictive material to generate oscillation 
through magnetostriction and detecting the variation in the 
magnetization upon application of angular speed to the 
oscillator. 

CONSTITUTION: An oscillation circuit 14 applies a voltage 
to a drive coil 12 wound around a C-shaped oscillator 11 
made of a magnetostrictive material to generate an 
exciting field which is applied to the oscillator 1 1 thus 
causing a bending oscillation. The oscillator 14 also 
delivers a phase reference signal directly to a synchronism 
detection circuit 17. Since the oscillator 11 is oscillating, 
the leg part of the oscillator 1 1 is magnetized by reverse 
magnetostrictive effect Signals corresponding to the 
magnetization are amplified by amplifiers 1 5a, 1 5b 
connected with detection coils 13a, 13b and detected. The 
difference between both signals is amplified by a 
differential amplifier 16 and rectified by the synchronism 

detection circuit 17. Consequently, the variation of impedances at the detection coils 
obtained as an output corresponding to the rotational angular speed. 
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* NOTICES * 

*JPO and NCI PI are not responsible for any 
dam ages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The angular-velocity sensor characterized by providing the oscillating object which 
consists of a super-magnetostriction ingredient which makes the main phase the intermetallic 
compound of a rare earth metal and transition metals, a means to impress a field to said oscillating 
object and to generate vibration by magnetostriction, and a means to detect the magnetization change 
equivalent to the oscillating change when angular velocity joining said oscillating object. 
[Claim 2] The angular- velocity sensor according to claim 1 by which said oscillating object is 
characterized by having the character type configuration of KO. 

[Claim 3] The angular- velocity sensor according to claim 1 by which said oscillating object is 
characterized by having a cross configuration. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the angular-velocity sensor which used the super- 
magnetostriction ingredient as an oscillating object. 
[0002] 

[Description of the Prior Art] Many methods are put in practical use by detection of angular velocity 
from the former. For example, methods, such as a piezo-electric mold, a conductivity type, a strain 
gage mold, and a semi-conductor gage mold, are held. Since the angular- velocity sensor which used 
the piezo-electric ceramic also among these is easy structure, it is widely used for oscillating 
detection of various machines. 

[0003] With reference to drawing 1 1 , the conventional piezo-electric mold angular-velocity sensor 
is explained. This angular- velocity sensor has the structure which pasted up the strip-of-paper-like 
piezoelectric device 2 on four side faces of the oscillating object 1 of 4 prismatic forms which 
consists of a high elasticity metallic material, respectively. By this angular- velocity sensor, a driving 
signal is impressed to two pairs of one piezoelectric devices among two pairs of piezoelectric 
devices 2 which counter mutually, and crookedness vibration of the oscillating object 1 is carried out 
by this. If the angular rate of rotation is added centering on the shaft of this oscillating object 1 as the 
drawing Nakaya mark shows now, Coriolis force will arise in the direction which intersects 
perpendicularly in the oscillating direction of the oscillating object 1. Consequently, as compared 
with the oscillating direction at the time of nonrotation, a gap arises in the oscillating direction of the 
oscillating object 1 according to an operation of the new vibration corresponding to the angular rate 
of rotation. This new oscillating component is detected by two pairs of piezoelectric devices of 
another side. In addition, there are also angular-velocity sensors, such as a SUPEIRI tuning fork 
mold or the Watson tuning fork mold, besides what was shown in drawing 1 1 R> 1. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the conventional piezo-electric mold angular- 
velocity sensor has the following various faults. That is, structurally, in order that this angular- 
velocity sensor may paste up a piezoelectric device on an oscillating object, it originates in the 
difference of the coefficient of thermal expansion of an oscillating object and a piezoelectric device 
with bad repeatability with a difficult miniaturization, and has problems, like temperature fluctuation 
arises. Moreover, since it is necessary to impress an electrical potential difference and to operate it 
from the lead wire connected to the piezoelectric device, oscillating leakage arises through lead wire 
and angular velocity cannot be detected to a precision. Furthermore, also about the piezoelectric 
device itself, in order to make it operate, there are problems of requiring the high voltage, like that a 
complicated process is needed for production of an electrode and the quality of the material is weak. 
It is made in order that this invention may solve the above-mentioned trouble, and it is small and 
aims at offering the practical angular- velocity sensor which can detect angular velocity to a 
precision. 
[0005] 

[Means for Solving the Problem] The angular-velocity sensor of this invention is characterized by 
providing the oscillating object which consists of a super-magnetostriction ingredient which makes 
the main phase the intermetallic compound of a rare earth metal and transition metals, a means to 
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impress a field to said oscillating object and to generate vibration by magnetostriction, and a means 
to detect the magnetization change equivalent to the oscillating change when angular velocity joining 
said oscillating object. 

[0006] As an intermetallic compound of the rare earth metal-transition-metals system which 
constitutes the super-magnetostriction ingredient used for this invention, rare earth and an iron 
system Laves phase intermetallic compound with the large amount of magnetostriction are desirable. 
It is reported that rare earth and an iron system Ra Beth mold intermetallic compound have the 
saturation magnetostriction (lambdas) exceeding 1000 ppm (JP,61-33892,B etc.). Generally such a 
super-magnetostriction ingredient is expressed with the following (I) type. 
[0007] 
RFez (I) 

(R is at least one sort chosen from the group which consists of a rare earth metal containing Y, i.e., 
La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, and Y, and satisfies 1.5<=z<=2.5) . 
The super-magnetostriction ingredient used for this invention may permute a part of Fe by Co. If a 
part of Fe is permuted by Co, use at low temperature is attained and corrosion resistance can also be 
improved. However, as for the amount of permutations of Fe by Co from a viewpoint of a 
magnetostriction property, it is desirable that it is less than [ 95at% ]. 

[0008] Moreover, a part of Fe may be permuted from Mn. When a part of Fe is permuted from Mn, 
the large field field from a high field to a low field shows a big magnetostriction value. As for the 
amount of permutations of Fe by Mn, it is desirable that it is 0.5 - 50at%. If the addition 
effectiveness does not have the amount of permutations less than [ 0.5at% ] and the amount of 
permutations exceeds 50at(s)%, Curie temperature will fall and the magnetostriction property in an 
operating temperature field will deteriorate. 

[0009] Furthermore, elements, such as nickel, Mg, aluminum, Ga, Zn, V, Zr, Hf, Ti, Nb, Cu, Ag, Sn, 
Mo, Cr, Ta, Pd, In, Sb, Ir, Pt, Au, Pb, Si, germanium, B, P, and C, may permute a part of Fe. These 
elements are added for the purpose of the improvement in material strength, corrosion resistance, 
saturation magnetostriction, an electromechanical coupling coefficient, etc., or adjustment of an 
elastic modulus. As for the amount of permutations of Fe by these elements, it is desirable that it is 
0.5 - 50at% in the sum total with the amount of permutations by Mn. The addition effectiveness does 
not have the amount of permutations less than [ 0.5at% ], and if the amount of permutations exceeds 
50at(s)%, properties, such as a magnetostriction value, will deteriorate. 

[0010] The atomic ratio z of a rare earth metal and Fe is set as 1.5<=z<=2.5. If less than 1.5 and 2.5 
are exceeded, in order that the Laves phase which bears a magnetostriction property may decrease, 
sufficient magnetostriction property will not be acquired. The range of z of 1.7<=z<=2.2 is more 
desirable. (I) The small thing of coercive force which has large magnetostriction is expressed with 
the following (II) type also among the super-magnetostriction ingredients expressed with a formula. 
[0011] 

Rl-x Zrx z (Fel-y Mny) (II) (R is at least one sort, 0.005<=x<=0.5, 0.005<=y<=0.5, and 
1.5<=z<=2.5 among the rare earth elements containing Y). Zr has the effectiveness of reducing 
coercive force. In addition, even if it uses Sc and Hf, you may add from the same effectiveness as Zr 
being acquired to a comparable amount. The addition effectiveness is not acquired for x less than by 
0.005, but if x exceeds 0.5, the amount of magnetostriction will fall. An operation of Mn and the 
reason for limitation of y and z are as aforementioned. 

[0012] Properties, such as coercive force, are collectively shown in Table 1 about the super- 
magnetostriction ingredient (No.1-10) and (Il)-type super-magnetostriction ingredient (No. 1 1-16) 
out of range which are expressed with the (II) type. 
[0013] 
[Table 1] 
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[0014] Moreover, especially the thing that has a good magnetostriction property also among the 
super-magnetostriction ingredients expressed with the (I) type is the following (III). It is expressed 
with a formula. 

Tbl-a Dya z (Fel-y Mny) (III) Here, y is 1.9<=z<=1.95 to 1.7 <=z<=2.2 pan preferably [ it is more 
desirable than about 0.1 and 1.5<=z<=2.5, and ] more preferably [ it is more desirable than 
0.3<=a<=0.7, and ] than 0.5<=a<=0.6 and 0.005<=y<=0.5. 

[0015] In this invention, although prism forms, such as a cylindrical shape or 3 prisms, 4 prisms, and 
a multiple column, are sufficient as the configuration of the oscillating object which consists of a 
super-magnetostriction ingredient, its character type or cross-joint mold of KO with generating and 
detection of vibration easy [ especially ] is desirable. It can be considered that the character type 
oscillating object of KO is what established and connected the knot (connection section) so that 
crookedness vibration of the two legs might be carried out. It can be considered that the oscillating 
object of a cross-joint mold is what established and connected the knot (the connection section, 
intersection) so that crookedness vibration of the two shafts might be carried out. 
[0016] In this invention, the AC power supply connected to the drive coil prepared, for example in 
some perimeters of an oscillating object by non-contact and this drive coil as a means which 
impresses a field to an oscillating object and is vibrated by magnetostriction is used. In addition, you 
may make it drive an oscillating object by the circumference field generated according to the line 
current. In this invention, the detector connected to the sensing coil prepared, for example in some 
perimeters of an oscillating object by non-contact and this sensing coil as a means to detect the 
magnetization change equivalent to the oscillating change when angular velocity joining an 
oscillating object is used. 

[0017] A solenoid coil, a flat-surface coil, etc. are used as a drive coil and a sensing coil. A detector 
consists of circuits, such as a synchronous-detection circuit, a bridge circuit, and a rectifier circuit. 
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To the character type oscillating object of KO, a drive coil is arranged around a knot (connection 
section), and a sensing coil is arranged around the leg, for example. Moreover, in piles, a drive coil 
may be arranged around the character type oscillating object of one KO, and the sensing coil of each 
other may be arranged around the character type oscillating object of KO of another side so that 
vibration may be transmitted in the character type oscillating object of two KO. To a cross 
oscillating object, a drive coil is arranged around the shaft which is one side, for example, and a 
sensing coil is arranged around the shaft of another side. 

[0018] Hereafter, actuation of the angular- velocity sensor of this invention is explained. First, the 
alternating current of predetermined frequency is impressed to the drive coil arranged by non-contact 
around [ some ] an oscillating object, and an oscillating object is excited. Since the oscillating object 
which consists of a super-magnetostriction ingredient carries out crookedness vibration according to 
a magnetostrictive effect, it makes this fundamental vibration. If the angular rate of rotation joins an 
oscillating object now, Coriolis force will occur corresponding to it and vibration of an oscillating 
object will shift from fundamental vibration. If such oscillating change arises, in the sensing coil 
arranged by non-contact around [ some ] an oscillating object, impedance change will arise 
according to a reverse magnetostrictive effect. This variation is changed into an electrical signal by 
the detector. The magnitude or the direction of angular velocity is discriminable with the amplitude 
and phase contrast of a signal which were acquired here. 

[0019] In the angular- velocity sensor of this invention, magnetic bias may be added to the oscillating 
object of the character type of KO, or a cross-joint mold with a rare earth magnet, a ferrite magnet, a 
metal magnet, etc. With such a configuration, the relation between magnetostriction and a field 
(current) is linear, and since an oscillating object can be operated in the field which shows the rate of 
die maximum magnetostriction, the linearity and sensor sensibility of a sensor property improve. 
[0020] The angular- velocity sensor of this invention can avoid easily various kinds of problems 
produced by the piezo-electric mold angular-velocity sensor so that it may explain below. First, by 
the angular- velocity sensor of this invention, there is an advantage that the resonance frequency at 
the time of crookedness vibration can be reduced, or an oscillating object can be made small. Here, 
resonance frequency in case an oscillating rod- like object carries out longitudinal oscillation is given 
by the following formula. 

[0021] For vibration frequency and i, in omega=(i pi/1) x (E/rho) 1 / 2 top types, the degree of 
vibration and 1 are [ omega / the elastic modulus of an ingredient and rho of die length and E ] 
consistencies. The elastic modulus (E= 2-3x1010 N/m2) of a super-magnetostriction ingredient is 
the small value of about 1/2-1/3 compared with the elastic modulus (E=7xl010 N/m2) of 
piezoelectric material. If E is small as shown also in an upper type, vibration frequency can be 
reduced and it can be made to operate in a practical frequency band. On the contrary, since the die 
length of an oscillating rod-like object can be shortened when vibration frequency is fixed, the whole 
can be miniaturized. 

[0022] Moreover, since vibration is generated using the coil of low impedance, a low-battery drive is 
possible. Since a drive coil and a sensing coil are non-contact at an oscillating object, the oscillating 
leakage which led lead wire can be insulated and detection precision can be improved. Since a 
process which pastes up a piezoelectric device on an oscillating object is lost, a manufacture process 
can be simplified and repeatability is also high. The temperature fluctuation resulting from a 
differential thermal expansion with an oscillating object is also cancelable like [ in the case of a 
piezoelectric device ]. Furthermore, the super-magnetostriction ingredient is excellent also in 
mechanical strength compared with piezoelectric material. 

[0023] In addition, generally the super-magnetostriction ingredient used for this invention has the 
large anisotropy of magnetostriction. So, in order to obtain the component of high performance, it is 
desirable to control the crystal orientation of a super-magnetostriction ingredient and to make in 
agreement the direction of a component of operation and the crystal orientation from which a big 
magnetostriction value is acquired. It is desirable to make it operate about the component of this 
invention, so that the oscillating generating direction may become the range of <1 1 1>- <1 10> of a 
super-magnetostriction ingredient. This is because the direction of an easy axis of a super- 
magnetostriction ingredient and the deformation direction by magnetostriction are <1 1 1>. In order to 
control the crystal orientation of a super-magnetostriction ingredient, the suspension band solution 
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process (Floating Zone law) (JP,62-109946,A, U.S. Pat. No. 4609402 number specification) and the 
approach of using an amelioration Bridgman method (JP,63-242442,A, Europe public presentation 
JP,282059,B), and producing a rod are learned. 

[0024] However, since the super-magnetostriction rod produced by these approaches has large 
coercive force (He) and its hysteresis of the displacement property when including in a component is • 
large, it is inferior to a controllability, frequency characteristics, etc. of minute displacement. The 
cause of the increment in coercive force by this ingredient system is based on pinning in inclusion, 
such as the grain boundary and an unusual appearance. Moreover, 10mm is a limitation and the 
diameter of the maximum rod of the super-magnetostriction alloy obtained with a suspension band 
solution process is difficult to enlarge. Furthermore, in a Bridgman method, in order to dissolve an 
alloy within a crucible, it is difficult to avoid the reaction of an alloy and a crucible, and, moreover, 
it is not suitable for fertilization. 

[0025] In order to solve the above problems, it is possible to perform the optimal heat treatment for a 
super-magnetostriction ingredient. For example, after heating a super-magnetostriction ingredient to 
the temperature of more than eutectic temperature and under the melting point and carrying out 
predetermined time maintenance, the approach of annealing with the cooling rate of 500 degrees C/h 
or less can be used preferably. This heat treatment approach is explained further. 
[0026] First, each configuration element is prepared so that a desired presentation may be acquired, 
and it dissolves by the RF induction dissolution etc. From the obtained ingot or an ingot, the sample 
which processed the suitable configuration by cutting etc. is promptly heated to the temperature of 
under the melting point more than the eutectic temperature of the alloy, and predetermined time 
maintenance is carried out. The holding time at this time has 0.01 -desirable 500h. Then, it cools 
slowly with the cooling rate of 500 degrees C/h or less, h of a cooling rate is more desirable in 200 
degrees C /or less. As for these heat treatments, it is desirable to give in a vacuum or inert gas 
ambient atmospheres, such as nitrogen and an argon. 

[0027] As for the super-magnetostriction ingredient with which such heat treatment was performed, 
coercive force declines remarkably. This is because inclusion, such as an unusual appearance leading 
to the increment in coercive force, can be removed as shown below, and the grain boundary can be 
decreased with grain growth. First, if it heats more than eutectic temperature, inclusion, such as an 
unusual appearance, is removable. Inclusion, such as an unusual appearance, is unremovable in 
whenever [ stoving temperature ] being under eutectic temperature. And in a next annealing process, 
in order that such inclusion may check grain growth, desired effectiveness is not acquired. Next, if it 
cools slowly with the cooling rate of 500 degrees C/h or less, in order that crystal grain may grow, 
the grain boundaries leading to the increment in coercive force decrease in number relatively. In 
addition, when a cooling rate is quicker than h 500 degrees C /, sufficient grain growth does not 
happen. 

[0028] Hereafter, the example of this heat treatment approach is explained. First, the RF induction 
dissolution was performed in the argon ambient atmosphere using the alumina crucible, and DyFe2 
whose eutectic temperature is 890 degrees C was produced. After heating this alloy at 1000 degrees 
C which is the temperature more than eutectic temperature and holding it in argon gas for 1 hour, it 
cooled with the cooling rate of 100 degrees C [ h ] /, 200 degrees C [ h ] /, 500 degrees C [ h ] /, or 
1000 degrees C/h. Then, it started in the diameter of 5mm, and 1mm thickness, and the sample for 
coercive force measurement was produced. About each sample, the magnetization-field curve was 
measured using the oscillating sample mold magnetometer, and coercive force was searched for. 
These results are shown in drawing 9 . Drawing 9 shows that the low coercive force of 10-30Oe is 
shown, when a cooling rate is 500 degrees C/h or less. Because of a comparison, it is DyFe2. The 
same experiment as the above was conducted except having made whenever [ stoving temperature / 
of an alloy ] into 750 degrees C which is the temperature of under eutectic temperature. These results 
are shown in drawing 10 . Drawing 10 shows that 80-120Oe and coercive force are high irrespective 
of a cooling rate, when whenever [ stoving temperature ] is under eutectic temperature. 
[0029] Moreover, the polycrystal super-magnetostriction alloy ingot which has a desired presentation 
may be produced as another heat treatment, and the approach of setting the relative passing speed of 
an alloy ingot and a heating furnace as 5 - 400 mm/h, making it displaced relatively all over the 
furnace which has a temperature gradient 20 degrees C [/cm ] or more in the temperature 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



9/1/2005 



. JP,07-020140,A [DETAILED DESCRIPTION] 



Page 6 of 9 



requirement of under the melting point, and cooling may be used. The reason for having specified 
heat treatment conditions is as follows. A reaction with a crucible arises [ whenever / stoving 
temperature ] above the melting point. Moreover, a temperature gradient must make relative passing 
speed of an alloy ingot and a heating furnace the low speed of less than 5 mm/h by cm in less than 20 
degrees C /, and a problem arises for productivity. Relative passing speed of an alloy ingot and a 
heating furnace cannot control crystal orientation by less than 5 mm/h, if a problem arises for 
productivity and exceeds 400 mm/h on the other hand for it. By this approach, one end or the both 
ends of an alloy ingot may be fixed and held in a heating furnace, without using a crucible, a cheap 
crucible ingredient can be chosen or a crucible can also be reused. 

[0030] In addition, what performed plastic deformation processing of extrusion, drawing processing, 
rolling, etc. in the temperature requirement of 500 degrees C or more and under the melting point 
may be used as an alloy ingot. Moreover, an alloy ingot may be put into a metallic pipe and what 
carried out plastic deformation processing of both at coincidence may be used. In this case, as a 
metallic pipe for covering, the metal or alloys (for example, stainless steel etc.) which have the 
melting point more than working temperature are used. Deformability sufficient at less than 500 
degrees C is not obtained, but it becomes impossible to maintain the configuration of an alloy about 
the temperature of plastic deformation processing above the melting point. A more desirable 
temperature requirement is 800-1200 degrees C. Thus, since crystal grain will make it detailed if 
plastic deformation processing is performed, and crystal grain will make it big and rough if it heat- 
treats succeedingly, control of crystal orientation becomes easy. Moreover, it also becomes possible 
by performing plastic deformation processing two or more times to produce the rod of the shape of a 
thin wire from the ingot of a big configuration. In addition, it is desirable to perform plastic 
deformation processing and heat treatment in a vacuum or inert gas ambient atmospheres, such as an 
argon and helium. 

[0031] Hereafter, the example of this heat treatment approach is explained. 

Example 1 : after blending each element and carrying out the high frequency induction dissolution in 
an argon ambient atmosphere using an alumina crucible so that it may be set to Tb0.4 Dy0.6 1.93 
(Fe0.95Mn0.05) by the atomic ratio, the alloy rod with an outer diameter [ of 15mm ] and a die 
length of 200mm was obtained by casting to a quartz crucible. The obtained alloy rod was held in the 
alumina crucible, and the inside of the heating furnace which carried out the temperature gradient of 
the range of 1 130 to 980 degrees C in 50 degrees C/cm was dropped at the rate of 70 mm/h. The 
alloy rod after heat treatment was processed into the 7mm cube, and the magnetostriction property of 
rod shaft orientations and its rectangular direction was evaluated using the strain gage under the 
room temperature. It was made to generate with a counter electrode mold magnet, and the field 
measured the magnetostriction (lambda2kOe) in 2kOe field. Consequently, in rod shaft orientations, 
in 950 ppm and the rectangular direction of those, it is a low value of 380 ppm, and the anisotropy of 
magnetostriction was able to obtain the large alloy rod. 

[0032] Example 2: after blending each element and carrying out the high frequency induction 
dissolution in an argon ambient atmosphere using an alumina crucible so that it may be set to Tb0.5 
Dy0.5 1 .95 (Fe0.9 MnO.l) by the atomic ratio, it cast in alumina mold with a bore of 30mm heated at 
1 1 00 degrees C at the carbon heater, and the alloy ingot was obtained by carrying out furnace 
cooling to a cooling plate further using a water-cooled copper plate. It is the obtained super- 
magnetostriction ingot the working temperature of 1080 degrees C, and the pressure of 4t/cm 2 Hot 
extrusion processing was carried out and the super-magnetostriction alloy rod with a diameter of 
10mm was obtained. The lower limit of the obtained alloy rod was held and the inside of the heating 
furnace which carried out the temperature gradient of the range of 1 150 to 1000 degrees C in 70 
degrees C/cm was dropped at the rate of 100 mm/h. The alloy rod after heat treatment was processed 
into the 6mm cube, it extruded using the strain gage under the room temperature, and the 
magnetostriction property of shaft orientations and its rectangular direction was evaluated. It was 
made to generate with a counter electrode mold magnet, and the field measured the magnetostriction 
(lambda2kOe) in 2kOe field. Consequently, in extrusion shaft orientations, in 1050 ppm and the 
rectangular direction of those, it is a low value of 350 ppm, and the anisotropy of magnetostriction 
>yas able to obtain the large alloy rod. 

[0033] Even if it uses a comparatively large-sized alloy ingot, since this is not fused, a reaction with 
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a crucible can be avoided, and, moreover, crystal orientation can be controlled by the above heat 
treatment approaches. In addition, the foil body of the super-magnetostriction ingredient obtained by 
the super-quenching technique may be used. In this case, the presentation which contains B, P, C, Si, 
etc. as an amorphous-ized element is desirable. 

[0034] The super-magnetostriction ingredient obtained by the above approaches is applicable to 
various magnetic-machine displacement conversion devices besides an angular-velocity sensor. For 
example, the application which passes through a pressure sensor, a knock sensor, a sound pressure 
sensor, etc. as application and a magnetostriction sensor to a precision positioning device, a bulb 
control valve, a machine switch, a micropump, a printer head, etc., the application which it is in a 
surface-acoustic-waves application component fUrther can be considered as a magnetostrictive 
vibrator as the application to the vibration removal, the vibrationproofing device, etc. of a 
loudspeaker, sonar, a parts feeder, a supersonic machine, and a motor, and a displacement control 
actuator. 
[0035] 

[Example] Hereafter, the example of this invention is explained. 

The block diagram of the circuit of this angular- velocity sensor is shown in example 1 drawing 1 at 
the perspective view of the angular- velocity sensor in this example, and drawin g 2 . 
[0036] The character type oscillating object 1 1 of KO which constitutes an angular- velocity sensor in 
drawing 1 is Tb0.3 Dy0.7 Fel.9. It consists of a super-magnetostriction ingredient of a presentation, 
and fabricates by diamond processing from the cylindrical alloy of the <1 12> orientation which 
manufactured with the Bridgman method. Around the connection section which connects the two 
legs of the character type oscillating object 1 1 of KO, sensing coils 13a and 13b are wound around 
the perimeter of the two legs for the drive coil 12 by non-contact, respectively. 
[0037] As shown in drawing 2 , a drive coil 12 is connected to an oscillator circuit 14, and the 
oscillator circuit 14 is connected to the synchronous-detection circuit 17. Sensing coils 13a and 13b 
are connected to Amplifier 15a and 15b, respectively. These amplifier 15a and 15b is connected to 
the differential amplifier 16, and the differential amplifier 16 is further connected to the 
synchronous-detection circuit 17. 

[0038] Actuation of this angular-velocity sensor is explained. The alternating voltage of about lOv is 
impressed to a drive coil 12 by the oscillator circuit 14, the excitation community generated from a 
drive coil 12 is given to the oscillating object 11, and crookedness vibration of this is carried out. 
Moreover, the reference sign used as the criteria of a phase is directly supplied to the synchronous- 
detection circuit 17 from an oscillator 14. Thus, since the oscillating object 1 1 is vibrating, in the leg 
of the oscillating object 11, magnetization arises according to a reverse magnetostrictive effect. The 
signal according to this magnetization amplifies, and is detected by the amplifier 15a and 15b 
connected to sensing coils 13a and 13b, the difference of both signal is amplified with the 
differential amplifier 16, and this signal is further detected synchronously in the synchronous- 
detection circuit 17. 

[0039] When the angular rate of rotation has not joined the oscillating object 1 1 so that the above- 
mentioned explanation may show, the signal from both sensing coils 13a and 13b is offset, and an 
output is not produced. If the angular rate of rotation of the circumference of a vertical axis as shown 
in the oscillating object 1 1 which is carrying out crookedness vibration for example, by the drawing 
Nakaya mark on the other hand is added, Coriolis force will arise in the direction which intersects 
perpendicularly in the oscillating direction of the leg of the oscillating object 11. Consequently, the 
oscillating direction of the leg shifts from fundamental vibration, the stress which originates in this 
gap and is committed to the leg changes, and the magnetization further produced according to a 
reverse magnetostrictive effect changes. Therefore, the impedance change in sensing coils 13a and 
13b is obtained as an output corresponding to the angular rate of rotation. 

[0040] In addition, although the solenoid coil used as a drive coil in drawing 1 instead, the same 
effectiveness is acquired even if it uses the circumference field generated according to the line 
current 18, as shown in drawin g 3 . However, with this configuration, an about 10 times as many 
current as this is needed as compared with the case where a solenoid coil is used. 
[0041] The decomposition perspective view of the angular- velocity sensor in this example is shown 
in example 2 drawing 4 . In the angular-velocity sensor of drawing 4 , the character type oscillating 
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objects 1 1 and 21 of the 1st and 2nd KO are carried in piles one by one on the tabular samarium 
cobalt magnet 22. the character type oscillating objects 1 1 and 21 of these KO — Tb0.4 Dy0.6 1.95 
(Fe0.9 MnO.l) — it consists of a super-magnetostriction ingredient of a presentation, and fabricates 
by diamond processing from the cylindrical alloy of the <1 10> orientation which manufactured with 
the Bridgman method. Drive coils 12a and 12b are wound around the perimeter of the two legs of the 
character type oscillating object 1 1 of the 1st KO by non-contact, and sensing coils 13a and 13b are 
wound around the perimeter of the two legs of the character type oscillating object 21 of the 2nd KO 
by non-contact. The tabular samarium cobalt magnet 22 is formed in order to add magnetic bias to an 
oscillating object. Magnetic bias is beforehand set as the optimum value so that an oscillating object 
may operate in the field of the rate max of magnetostriction. 

[0042] By this angular-velocity sensor, crookedness vibration of the character type oscillating object 
1 1 of the 1st KO is carried out by drive coils 12a and 12b, this vibration is told to the character type 
oscillating object 21 of the 2nd KO, crookedness vibration of this is carried out, and when the 
angular rate of rotation is added, oscillating change produced on the character type oscillating object 
21 of the 2nd KO is obtained as an output corresponding to the angular rate of rotation by the same 
detector as sensing coils 13a and 13b and an example 1. Moreover, since the bias field is added to 
the oscillating object with the samarium cobalt magnet 22, the relation between magnetostriction and 
a field (current) is linear, and it can be made to operate in the field which shows the rate of the 
maximum magnetostriction, and the linearity and sensor sensibility of a sensor property improve. 
[0043] The block diagram of the circuit of this angular-velocity sensor is shown in example 3 
drawing 5 at the perspective view Fig. of the angular- velocity sensor in this example, and drawing 6 . 
the cross oscillating object 31 which constitutes an angular- velocity sensor in drawing 5 — 
Tb0.35Dy0.65 (Fe0.9 MnO.05aluminumO.05) 1.93 - it consists of a super-magnetostriction 
ingredient of a presentation, and after slicing the cylindrical alloy of the <1 12> orientation which 
manufactured with the Bridgman method in 0.1mm thickness by diamond processing, it fabricates in 
a cross-joint mold. Around one shaft of the cross oscillating object 31, sensing coils 33a and 33b are 
wound around the perimeter of the shaft of another side for drive coils 32a and 32b by non-contact, 
respectively. 

[0044] As shown in drawing 6 , drive coils 32a and 32b are connected to an oscillator circuit 34, and 
the oscillator circuit 34 is connected to the synchronous-detection circuit 37. Sensing coils 33a and 
33b are connected to Amplifier 35a and 35b, respectively. These amplifier 35a and 35b is connected 
to the differential amplifier 36, and the differential amplifier 36 is further connected to the 
synchronous-detection circuit 37. 

[0045] this angular- velocity sensor — an oscillator circuit 34 — drive coils 32a and 32b — about 10 — 
about V alternating voltage is impressed, the excitation community generated from drive coils 32a 
and 32b is given to the oscillating object 31, and crookedness vibration of this is carried out. 
Moreover, the reference sign used as the criteria of a phase is directly supplied to the synchronous- 
detection circuit 37 from an oscillator 34. If the angular rate of rotation joins now the oscillating 
object 3 1 which is carrying out crookedness vibration, Coriolis force will arise in the direction which 
intersects perpendicularly in the oscillating direction of the oscillating object 31. Consequently, the 
oscillating direction of the oscillating object 31 shifts from fundamental vibration, the stress which 
originates in this gap and is committed on the oscillating object 31 changes, and the magnetization 
further produced according to a reverse magnetostrictive effect changes. Therefore, the impedance 
change in sensing coils 33a and 33b is obtained as an output corresponding to the angular rate of 
rotation. 

[0046] In addition, although the solenoid coil used as a drive coil in drawing 5 instead, the same 
effectiveness is acquired even if it uses the circumference field generated according to the line 
current 38, as shown in drawing 7 . However, with this configuration, an about 10 times as many 
current as this is needed as compared with the case where a solenoid coil is used. 
[0047] The decomposition perspective view of the angular- velocity sensor in this example is shown 
in example 4 drawing 8 . In the angular-velocity sensor of drawing 8 , the thing which unified the 
cross oscillating object 41 and the frame 42 holding this, and the polyimide film 44 with which the 
flat-surface mold drive coils 52a and 52b and the flat-surface mold sensing coils 53a and 53b were 
formed corresponding to the cross oscillating object 41 are carried in piles one by one on two tabular 
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samarium cobalt magnets 43 and 43. the cross oscillating object 41 and a frame 42 — Tb0.5 Dy0.5 
1.95 (Fe0.9 MnO.l) — it consists of a super-magnetostriction ingredient of a presentation, and after 
slicing the cylindrical alloy of the <1 10> orientation which manufactured with the Bridgman method 
in 0.1mm thickness by diamond processing, it fabricates by laser processing. Any of the shape of the 
shape of the shape of a spiral and a rectangle and MIANDA are sufficient as the configuration of the 
flat-surface mold drive coils 52a and 52b and the flat-surface mold sensing coils 53a and 53b, and it 
is produced by the semi-conductor process. 

[0048] By this angular- velocity sensor, the shaft of the direction of X of the cross oscillating object 
42 is vibrated by the flat-surface mold drive coils 52a and 52b, and oscillating change of the shaft of 
the direction of Y is obtained as an output corresponding to the angular rate of rotation by the same 
detector as the flat-surface mold sensing coils 53a and 53b and an example 3. Moreover, since the 
bias field is added to the oscillating object 41 with samarium cobalt magnets 43 and 43, the relation 
between magnetostriction and a field (current) is linear, and it can be made to operate in the field 
which shows the rate of the maximum magnetostriction, and the linearity and sensor sensibility of a 
sensor property improve. Furthermore, by this angular- velocity sensor, by optimizing the mass of 
intersection 41a of the cross oscillating object 41, vibration is increased or resonance frequency is 
made to adjustable. 
[0049] 

[Effect of the Invention] As explained in full detail above, according to this invention, it is small and 
the practical angular- velocity sensor which can detect angular velocity to a precision can be offered. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawing 5] 
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[Drawing 7] 
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[Drawing 1 1] 
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